Objective: The aim of the retrospective study was to examine the changes in the left and right ventricular size as well as the systolic and diastolic function of the left ventricle after surgical and transcatheter treatment of atrial septal defects with Amplatzer atrial septal defect occluder (ASDO). Methods: Two groups of patients were examined using transthoracic cross-sectional echocardiography before and after the treatment of atrial septal defect: Group A -Amplatzer ASD occluder -38 children and Group S treated surgically -20 children. The following parameters were assessed: left and right ventricular end-diastolic diameter indexes, ejection fraction, mitral E wave to A wave velocity ratio, deceleration time (DCT), isovolumetric relaxation time (IVRT) and heart rate. 
Introduction
The first transcatheter closure of an atrial septal defect (ASD) was described by King in 1974 [1] . The first application of self-expandable double disc Amplatzer occluder (ASDO), performed and described by Masura in 1995 [2] , was a subsequent continuation of progress in interventional ASD treatment after some other devices had been used.
The introduction of non-operative methods of ASD treatment allows us to compare this method with surgical techniques. There are several publications assessing the results of surgical and non-operative methods of ASD closure. Authors usually compare patients' age, complications, presence of residual shunts, length of hospital stay and procedure costs [3] [4] [5] [6] . However, there is inadequate literature that evaluates the systolic and diastolic function of the left ventricle after the use of Amplatzer occluder in comparison with children treated surgically.
Systolic and diastolic dysfunction among children with congenital heart defects in pre and postoperative periods is a well-known problem, described by a number of investigators [7] [8] [9] [10] [11] [12] [13] . These alterations depend on various factors, e.g., relaxation, contractility, compliance and filling of the atria and ventricles [14] [15] [16] .
The recovery of right ventricle (RV) and right atrium (RA) sizes after surgical and percutaneous ASD closure have also been described [6, 12, 14, 17] . These parameters return to normal values in 90% of surgical patients. However, specifically the systolic function recovers in only 80% of operated children [12] . The return to the normal values depends on the defect size, patient's age and pulmonary artery pressure [18, 19] . At the same time, no significant increase in systolic function has been found among patients operated for ASD [19] .
The formation of pericardial adhesions to the heart muscle and thoracic wall is well described [18] . Animal studies have shown that postoperative changes of the heart surroundings lead to decrease in the right ventricular ejection fraction [20] . The influence of cardio-pulmonary bypass and aortic cross clamping during the operative treatment on myocardium can also influence the outcomes of this method. However, there is no data concerning the influence of all postsurgical changes on the systolic and diastolic function of the left ventricle in comparison with patients treated with the use of interventional cardiology techniques.
The aim of the study was to determine whether the systolic and diastolic function of the left ventricle as well as left and right ventricular size differ in children with ASD depending on the method of treatment.
Materials and methods
The study was conducted retrospectively and evaluated patients referred to The Academic Centre in Poznan for treatment of secundum ASD. There were two groups of patients with secundum ASD: Group A -children treated with Amplatzer ASO device and Group S -children treated surgically. Patients were not randomised-an unfavourable anatomy such as absence or presence of small interatrial septal rim favoured recommendation for surgical treatment. Children with arrhythmias or more than trivial mitral and aortic regurgitation were excluded from both groups.
Group A consisted of 38 children with body weight over 13 kg (range 13.0-65 kg, mean 26.1 AE 13.3 kg), for whom the follow-up period ranged from 1 to 3.5 years, mean 2.08 AE 0.73 years. Qualification for percutaneous ASD closure was based on transthoracic echocardiography in all patients. The final decision regarding catheter closure was made on the basis of transoesophageal echocardiography (TOE) examination. Amplatzer device size and stretch diameter of ASD are presented in Table 1 .
Group S consisted of 20 operated patients with weight ranging from 12.5 to 65.0 kg, mean 33.10 AE 17.6 kg, for whom the follow-up period was 1.7-3.5 years, mean 2.6 AE 0.61 years. The patients were matched with respect to age and body weight at the time of the surgery to patients from Group A.
Pre-treatment values were marked as Group A-1 or S-1. Follow-up values were marked as A-2 or S-2.
The demographic variables of both the groups are presented in Table 1 . There were no significant differences between groups in terms of age, body weight, height, heart rate, ventricle size (normalised to age), Qp:Qs ratio and follow-up time.
Group S was operated in general anaesthesia and in normothermia with use of ECC (membrane oxygenator) and cold crystalloid cardioplegia. ECC time, cross-clamping time and hospital stay after surgery are presented in Table 1 . There were no complications after surgical treatment of any patient.
All defects were closed with continuous monofilament polipropylene suture. There was no complication either during or after the treatment.
No occluder had to be retrieved. During the follow up no neurological complications were observed in both groups. All patients were not receiving any medication after discharge from the hospital.
No clinically significant arrhythmia was observed in both groups before treatment and during the follow-up time. Also there was no residual ASD shunt noticed in any patient.
Methods
TTE examinations were performed just before and at the latest follow up after implantation of the ASDO or after surgery. All examinations were performed in the same conditions.
To assess the systolic and diastolic function of LV, an echocardiographic study was performed with the use of Hewlett-Packard apparatus. All the standard views were obtained using 3.5-2.5 MHz probes. Each evaluated parameter was expressed as an average of five measurements. The left ventricle end-diastolic diameter (LVEDD), right ventricle end-diastolic diameter (RVEDD) and EF were obtained from long axis parasternal projection in the Mmode. Flows through the mitral valve were measured in the four-chamber and through the aortic valve five-chamber projections, respectively. The velocity of the A and E waves Table 1 Pre-treatment demographic variables of groups (A-1 and S-1)
Variables
Group A-1 (n = 38) Group S-1 (n = 20) were measured as well as isovolumetric relaxation time (IVRT), deceleration time (DCT) and E to A wave ratio. The left ventricular end-diastolic diameter index (LVEDDI) as well as the right ventricular end-diastolic diameter index (RVEDDI) was calculated in relation to the mean norm for respective body weight (16) . Standard 12 lead ECG was performed during each echocardiographic examination and the heart rate was calculated.
Intra-group (Group A-1 vs A-2) and inter-group (A-1 vs S-1 and A-2 vs S-2) comparisons of measured variables were performed.
Statistical analysis
Distribution normality was verified by Shapiro-Wilk test. In all the verified variables the distribution was abnormal. This forced the use of non-parametric tests for further comparisons.
All the variables were described by the mean, standard deviation as well as by median and ranges.
Mann-Whitney U-test was used for inter-group comparisons of independent variables. Wilcoxon's test served for intra-group comparisons of dependent variables. P-level smaller than 0.05 was assumed to be statistically significant.
Results
There was a significant decrease in the size of the right ventricle and an increase in the size of the left ventricle in Group A. After ASO closure, IVRT was longer, whereas the heart rate was slower. There was a significant decrease in the heart rate and IVRT elongation during the long-term followup time and the EF, MV-E/A and DCT did not change significantly (Table 2) .
There was a significant decrease in the size of the right ventricle, an increase in the size of the left ventricle and a deceleration of the heart rate in Group S. There were no statistically significant differences in the systolic and diastolic function of the left ventricle (Table 2) .
There were no statistically significant differences in the ventricular sizes and systolic and diastolic parameters between groups A and S before the treatment. The longterm ECHO examination revealed smaller right ventricle and bigger left ventricle in Group A in comparison to Group S. Children operated for ASD had significantly shorter IVRT than patients after ASO device application (Table 2 ).
Discussion
Perioperative factors such as extracorporal circulation and aortic cross clamping with temporary myocardial ischemia as well as postoperative sequelae, including formation of adhesions between the heart and the surrounding tissues in patients operated for ASD, encouraged us to undertake this study and to compare the systolic and diastolic functions in children treated surgically with ASO device [3, 4, 18, 20, 21] .
The decrease in the right ventricular diameter and the increase in the left ventricular size are usually observed in Table 2 Comparison operated patients as well as in children after ASO device closure. The recovery of the right ventricular size is described in more than 80% of children and in 77% of adults who were operated upon [6, 9, 12, 17, [22] [23] [24] [25] . Similar changes were observed in our series of patients. It is noteworthy that the relative diastolic right ventricular size in ASO group was closer to the norm than the surgical group. This difference between groups A and S in RVEDDI and LVEDDI was statistically significant and could be explained as a result of surgery including postoperative development of pericardial adhesions [18] . Influence of ECC and temporary myocardial ischemia during surgical closure has also to be taken under consideration [20] .
The systolic function of the left ventricle was normal before and after the treatment in children from both groups. There was no statistically significant difference in EF between the surgical or ASO groups before and after the treatment. Many authors report similar findings [8, 12, 24] .
The diastolic function among children with ASD differs in healthy patients [2] . The stiffness and compliance of the left ventricle is different. These parameters are altered due to right ventricular volume overload [8, 10, 25] . There is a significant influence of myocardial hypertrophy and paradoxical inter-ventricular septum movement [19] . There were no differences in the diastolic function parameters (E/A wave ratio, DCT and IVRT) between both A-1 and S-1 groups before the treatment. In Group S-2, postoperative IVRT was significantly shorter in relation to the norm compared with the A-2 group. The value of DCT did not differ significantly in both groups. However, it exceeded the norm for healthy children [12] . In patients with ASD changes in the left ventricular diastolic function such as shortening of IVRT and elongation of DCT cannot be unequivocally attributed to relaxation impairment or restrictive disturbances only [10, 16] . The persistence of these alterations in surgical group observed during the follow up and their normalization in ASDO group might suggest faster recovery of diastolic function of the left ventricle in Group A.
Conclusions
1. During the follow-up period, the diastolic function of the left ventricle is better in children undergoing closure of ASD with ASO compared with patients treated surgically. 2. Postoperative changes of the left and right ventricular size indices are more favourable in patients after closure of ASD with ASO compared with surgical procedure.
